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The use of body surface area to assess the normalcy of cardiac
dimensions has several limitations . To determine whether cardiac
dimensions can be assessed by other Indexes of body size and
growth, this study evaluated the relations between cardiac dimem
assessed by two-dimensional echocardiography and age,
height, weight and body surface area . The study group included
268 normal persons aged 6 days to 76 years of age. The dimensions
examined included the aortic anulus, left atrium and left ventric-
ular end .dinstolic diameter, each measured in the parasternal
long-axis plane, and left ventricular length measured from the
apical twnwhamher view
.
The analysis confirmed that the heart and great vosels grow in
unison and at a predictable rate after birth, reaching 50% of their
To be clinically meaningful . the normal limits of cardiac dimen-
sions must take into account their dependence on body size,
and to be clinically useful the method of indexing body size
must be accurate, discriminating and, preferably, simple to
use. Although body surface area is widely used as an index of
body size when assessing the normalcy of cardiac dimensions,
its use has been challenged on boil] theoretic (I) and mathe-
matic (2) grounds . In addition, the body surface area index has
certain clinical limitations because it is difficult to estimate
without reference to specialized tables, is subject to variability
in individual subjects because of changes in body weight and
has a nonlinearrelatien with mediae dimensions, restricting its
discriminam potential in adults (3
.41
.
Therefore, to determine whether cardiac dimensions
might be more readily and more meaningfully assessed by
other indexes of body size and growth- we evaluated the
relations between cardiac dimensions determined by two
dimensional echocardiography and age, height, weight and
body surface area during early development and adulthood .
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adult dimensions at birth, 75%r by 5 sears and 90 % by 12 years .
Although each card in dinteruian related linearly with height lactic
nnulus, r = 0.96 : left atinm, r = 0.91 ; left venteiculardiarneter, r =
0.94: left ventrireter length, r = 0 .93), the rotations among age,
weight and body surface area were best
.,messed
by grradralic
equations. Multiple regression eotdrnmd that after adjustment far
height, other indexes including age, gender, weight and bod
y surface
area had no independent effect oar the prediction of each dimension .
Therefore, because height is a natderived variable that relates
linearly with cardiac dimension¢ independent of age, it oRers a
simple yet accurate means of assessing the normalcy of cardiac
dimensions in children and adults.
(J Am Ca11 Cordial 1992 ;19:983-8)
Methods
Shoals, patients, The study cohort consisted of two
groups . Group I consisted of 196 children, including 99 boys
and 97 girls. who were assessed as part of an echocardia-
graphic study of well children . These were not children
referred for suspected cardiac disease and no child was
hospitalized for any cause . Inclusion in the study demanded
the absence of any systemic or cardiovascular disease . The
age of this group ranged from 6 days to IS years (mean 4 .5
years!. weight from 2.3Itt 86 kg (mean 19) and height from 37
it, 188 cm (mean 98) .
Group 11 consisted of 38 male and 34 female adult
volunteer employees of the Massachusetts General Hospital
who, on the basis of history, physical examination, elecirn-
cardiogram and chest radiograph, had no cardiovascular or
systemicdiscase .Theirageranged from I8to76years(mean
381 . and their height and weighs from I55 to 180 cm (mean
169) and 40 to 80 kg (mean 701, respectively . The mean
height and weight percentile of the entire cohort was 55 '-
30 :` and 51 S 30%. respectively .
Data acquisition. Standard two-dimensional echucardio-
graphic Images (5) were obtained with an ATL 300 mechan-
ical sector scanner with use of a 3 .5 at 5 MHz transducer
and recorded with a Panasonic video recorder on 0.5 in,
(1 .27 cm) videotape . After each study was reviewed, only
those images displaying optimal systolic and diastolic orien-
0nstt97»1_55 .00
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Migure
1 . The tile al which each dimension was measured . A,
Maximal diameter of the aortic (Aol anulus jl
I.
It, The left atrium
(LAI 12] and left
vcmricte (LV}
131 x
ured Rom the
parasternal long-axis view . C, Left ventricular slcngth 14] was
measured from the api:al twwchamber view,
Lotion and structural definition were copied onto a video disk
from which the measurements were made .
The end-diastolic diameter of the aortic anulus and end-
systolic (maximal) diameter of the left atrium were both
measured from the parasternal long-axis view, as was the
maximal diastolic diameter of the left ventricle . The diastolic
length of the left ventricular cavity was measured from the
apical two-chamber view (Fig . I) .
Each dimension was measured with the "inner edge
convention," which uses the innermost, bright edge reflec-
tion as a contour, as indicated by the arrows in Figure I . All
measurements were made by the same observer (M .O.T.),
with calibrated electronic calipers (Microsonics Easy View
11 image nnalysia system) . The intraobserver error was
calculated to be 4% (6), Clinical details including age,
gender, weight and height were collected at the time of
echocardiographic study . The body surface area was derived
from standard formulas (7) .
Statistical
analysis
.
The strength of the relation between
each cardiac dimension and age, height, weight and body
surface area was assessed by using the Pearson correlation
ceeBcient Cr value) . Multiple littcar regression analysis was
used to determine the influence of gender on each of these
relations, and to determine which factor or factors had the
strongest influence on dimension (9) . The Student t test was
used to determine whether the age-related changes in cardiac
dimensions were the same for each dimension examined,
Results
Relation between age and cardiac dimensions . Figure 2
demonstrates the relations between age and dimensions of
]ACC vol . 19 Ne 5
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the aortic anulus, left atrium and left ventricle in subjects
19 years of age (Group I). Although the absolute values for
each dimension differ, the rate of growth of cacti of these
structures, expressed by the slope of each of these curves,
was not significantly differen .
Hence by birth, the measured dimensions of the aorta,
left atrium and left ventricle have reached almost 50% of
their adult value, and have increased to almost
69%
of This
value by 12 to 18 months of age, Subsequently the rate of
growth slows, so that by 5 years these structures have
attained 75% of their adult dinrension, and by the time of
puberty (12 to IS years of age) they have reached 90°% of
their adult dimension . After puberty, the rate of cardiac
growth slows even further, and significant increases in
cardiac dimensions are not seen after 15 years of age .
Muhipte regression analysis demonstrated that the pat-
tern of growth was independent of gender. The 95% confi-
dence intervals on the age curves are similar to those
obtained from the data minting body surface area to dimen-
sion, reflecting the strong relation between age and body
surface area in the pediatric age group .
Relation between cardiac dimensions and body surface
area, weight and height
. Figure 3 illustrates the relation
between the diameter of the aortic anulus and body surface
area, weight and height, respectively . The relation between
body height and the left atria) and left ventricular dimensions
(diameter and length) is presented in Figure 4 . These scat-
tergrams include data from both Group I and Group IF
Univarfare analysis confirmed the presence of a strong
relation between aortic anulus dimension and height (0 .961,
weight 10.901, body surface area 10, 93) and age 10 .73). Indeed
the same trends were seen for each dimension examined .
However, although the relation between aortic anulus di-
mension and both weight and body surface areais nonlinear,
and best expressed by a quadratic equation, the relation
between height and the dimensions of the aortic anulus, left
atrium and left ventricle is linear .
Mulitple regression analyses confirmed that after adjust-
ment for height, other univariale predictors of aortic analog
and ventricular dimensions had no additional independent
influence on the estimate of the normal range of these
structures . For example, in the analysis used to examine the
determinants of aortic anulus dimension, the F value for
height was 2,560 versus 10, 4 and 3 for age, weight and body
surface area, respectively . Similar results were obtained in
the models examining the determinants of left atrial and
ventricular diameters, For this reason, a linear model con-
taining height as the only variable was derived as a means of
predicting the normal dimension of each structure (Table I).
Although multiple regression analysis snvgested that
weight should be included --pith he'5ht in the model to predict
left attal dimension (Left atrial diameter = 10 .001
t
Height]
+ (0.007 x Weights + (3.93), the range of dimensions
predicted by this equation was not significantly different
from that estimated with the univariate model containing
height as its only variable (Table I) . For example, in a person
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170 cm tall weighing 70 kg, the univariate equation estimates
atrial diameter to be 3 .07 cm, whereas the heightlweight
formula predicts left atrial diameter to be 3 .12 cm . Recause
this difference (0 .05 cm) is beyond the resolution o€ the
technology used to measure the dimension, the improvement
in the predictive model cannot be considered to be clinically
significant.
Figure 5 shows the relation between body surface area
and bath weight and height and demonstrates that the
relation between these variables becomes "dissociated"
once body surface area increases beyond t. However, as
body surface area continues to increase, its major determi-
nant appears to relate to weight gain rather than to increases
in body height.
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Figure 2. Relation between age and the (A) aortic anulus diameter,
(R) left atrial diameter, ICI ]art ventrcular diameter and (DI left
ventricular length in Group 1 (<19 years of no) . The mean and 95%
confidence limits of the data are represented by the solid and dotted
lines, respectively .
Discussion
Although the concept of indexing cardiac dimension to body
size can be traced as far back as 1888, when Hosselin (9)
reported the relation between body weight and aortic anulus
diameter, the ides] means of indexing cardiac dimensions,
which needs to be accurate . discriminating and, preferably,
simple to use, is yet to he defined .
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Cardiac dimensions versus body surface area . The current
practice of indexing linearcardiac dimensions determined by
echocardiography to body surface area was established in
1975 by Pystein et al . (101 . who reportod the first large series
of normal cchocardiographic measurements in children and
adults. Although this trend has continued (3 .4 .11 .12). the use
of body surface area as a means of adjusting for differences
in body size has several limitations that restrict its use in
clinical
p ractice . l i It is difficult to derive a patient's body
surface area without reference to specialized tables; 2) body
surface area may vary in the same person because of
changes in body weight : and 3) body surface area fails to
provide insight into the major determinant (height vs .
weight)
of cardiac dimension during development . Further-
more, because the relation between body surface area and
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Figure 3
. Relation between aortic snubs diameter and 1A) body
surface aura . (B) body aelghl that and ICI Body height
(em)
.
Group 1: 0 = Group II .
cardiac dimensions is nonlinear (Fig . 3), the common clinical
practice
of simply dividing dimensions by body surface is
mathematically incorrect and may lead to ennneous results
in some clinical circumstances (2) . In view of these clinical
limitations, it would be desirable to develop normative data
for the echocardiegraphic assessment of cardiac chamber
dimensions based on mo
,e readily obtained indexes such as
age, height or weight alone .
Cardiac dimensions verses body height. The most striking
observation in this analysis was the strong linear nature of
the relation between each cardiac dimension and body
height . which was demonstrated to be independent of age
and gender. These observations suggest that during devel-
opment, cardiac dimensions increase primarily in response
to skeletal growth . Furthcrmnrc, the strength 01' these rela-
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lions may explain the nonlinear nature of the relation be-
tween cardiac dimensions anti body surface area . That is,
because height is no longer a we or determinant of body
surface area after value, of 1 .5 (Fig . 5) . it would be predicted
that increases in body surface area due to increases in weight
Table 1 . Linear Regression Equations Used io Predict
Cardiac Dimensions
Egwtien
Aortic anelas (ces) 0.010 0 Height. r 0,25
Lea a slam 0.014 x Height
+ 0.69
Left ventricular diameter 0.022 x Height + 0.83
Left ventricular length 0.033
x
Height + 1 .80
200
s
sob
a
a
Figure 4 . Relation between height and (A) left atrial diameter, (Il) left _ .
ventricular diameter and (C) let) vemdcular length . • - Group L C =
Group It.
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would not be associated with further increases in cardiac
dimension. The clinical relevance of this observation is that
it suggests that short obese persons should have smaller
cardiac dimensions than those of tall asthenic persons even
when their body surface area is the same . Hence far clinical
purposes, body height appears to be an ideal means of
indexing cardiac dimensions because it is a simple, reliably
obtained, nondcrived variable that relates linearly to cardiac
dimension and is not subject to change during illness . It
offers particular advantage in the assessment of obese adults
and children . because in these patients the estimated range
of cardiac dimensions based on body surface area is very
wide (Fig . 3).
Cardiac dimensions versos age . The relation between age
and cardiac dimensions is clinically relevant because it
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Figure 5. Relation between body surface area and height Nl and
weight 101
. As body surface area increases beyond I, the major
determinant of body surface area is weight rather than heightL
confirms that the heart and great vessels grow in - rnison and
at a predictable rate after birth . Hence, it: the pediatric age
group, it may be appropriate to index cardiac dimension to
age alone to determine whether cardiac size and the rate of
cardiac growth arc normal
. An appreciation of these rela-
tions may aid in the timing of surgery in children with
valvular heart disease, because they provide information
about the projected tadull) size ofthe ventricle and anulus in
any particular child, However, although age offers a simple
means of
assessing cardiac dimensions in young well chil-
dren, the relation might fail in the assessment
of
cardiac
dimensions in chronically ill children whose age-related
growth curve may differ from normal.
Cardiac dimensions Versus body weight. Although a strong
relation was
found
between cardiac dimensions and body
weight, use of this relation as a means of indexing cardiac
dimensions is limited, especially among adults, because of
JACE Vrl 19. 9c. 5
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its nonlinear nature (Fig . 181, and because weight is sub?ect
to variability in the same person .
Conclusions. Although there nrestrnngrctatiernshcrween
cardiac dimensions and age . weight . height and body surface
area, it appears that height is the strongest predictor of
cardiac chamber dimensions both during development and in
adulthood . Furthermore . because height is a simple, reliably
obtained, nonderived variable that relates linearly to cardiac
dimensions independent of age, the presentation of norma-
tive data in relation to body height should prove useful in the
III
echocardiographie assessment of cardiac chamber
dimensions .
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